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Background
• Increase in chloride concentrations in both surface
water and groundwater is becoming a global cause for
concern
• Numerous streams in different parts of the United
States have demonstrated upward trends in chloride
concentration over the latter half of the 20th century,
in urban and rural watersheds alike
• Past research has shown that the use of salt for winter
road maintenance is a major contributor of chloride to
water systems
• Relationships have been established between
increasing chloride levels in streams and amount of
impervious surface coverage
• In non-urban areas, agriculture could account for a
larger percentage of chloride source in both surface
and groundwater systems than previously thought

Research Objectives and Hypotheses
Wells installed in the study area to determine the influence of the tile-drainage system
on groundwater chemistry will be used to:
1. Assess temporal variations in chloride concentration in the different sampling
subgroups in the study area
2.Identify the number(s) of contributing populations of chloride in the study area
Hypothesis 1: Concentrations of chloride would be high in ST in the winter, also high in
the DGSW wells in the spring, low in the ST in the fall, and consistent in both the DW
and UGSW wells all through the year.
Hypothesis 2: There would potentially be more than one contributing population of
chloride in the study area

Study site
Study site

The implications
v

Subgroup Name

Name / Number

Number of Wells

Deep groundwater (DW)

4A, 4B, 6A, 6B, 8A, 8B, 10A, 10B, 12A

9

Down gradient shallow groundwater (DGSW)

6C, 6D, 8C, 8D, 10D, 12C, 12D, 19, 20, 21, 22

11

Up gradient shallow groundwater (UGSW)

13,14, 15, 16, 17, 18, 23, 24

8

DB

Diversion box

1

ST

Stream

1

Expected Results

The causes

A major portion of salinization can be attributed to
activities such as the use of road salts but only a few
studies have explored the potential of agricultural
chloride sources also contributing to salinization.
One of the major agricultural sources of chloride is
potash (KCl) used to grow corn and soybean row
crops especially in the Midwest, U.S

Sample Collection
• Collection of water samples by the Department of Geology (June 2015 – July
2021)
• I am collecting samples (Sept. 2021 – June 2022)
• In situ measurement of temperature, dissolved oxygen, specific conductance, and
water depth
Sample Analysis
• Anion concentration measured using a Dionex ICS-1100 Ion Chromatograph
• Cation concentration measured using a PerkinElmer Optima 8300 Inductively
Coupled Plasma Optical Emission Spectrometer
• QA/QC procedure consisted of a series of matrix spikes, sample duplicates,
standard calibration verification, and sample blanks
Categorization of Seasons
• Annual wateryear = July – June (seven years' worth of data )
• Summer (growing season) = July – September
• Fall (harvesting season) = October – December
• Winter (fallowing season) = January - March
• Spring (planting season) = April - June

Sample Grouping

Chloride is not easily removed from aquatic systems,
its harmful impacts at elevated concentrations include:
• Intrusion of saltwater into freshwater ecosystems
• Altered lake chemistry and mixing
• Acidification of streams
• Altered reproduction of aquatic plants and animals
• Contamination of groundwater including release of
heavy metals
Because of this, the USEPA set a chronic and ambient
threshold for chloride of 230 mg/L and 860 mg/L,
respectively. It also set a secondary drinking water
standard for chloride of 250 mg/L because of the salty
taste chloride imparts to drinking water at this level

Anthropogenic activities such as
• Road deicing salts,
• Mineral extraction,
• Septic effluents,
• Wastewater treatment plants,
• Water softeners and
• Agricultural activities (fertilizers, animal feed, and
nitrification inhibitors)
are major point and nonpoint sources of chloride to
surface water and groundwater systems.

Methods

Figure 1: Study area showing the location of wells

• Study site is a restored praire serving as a saturated buffer zone (SBZ)
• Located 3km NW of Hudson, McLean County, IL
• Land use in the area is generally agriculture (>87%), primarily the rotation between corn
and soybean crops
• Climate is continental with cold, dry winters and warm, humid summers
• SBZ receives agricultural runoff from a farm 120m east through a drainage tile that has
been diverted into three distribution tiles (~1m deep) in the SBZ
• Thirty-five wells are installed in the SBZ to monitor groundwater chemistry
• Six nested wells labelled A-D and 11 individual wells.
• SBZ is situated close to an agriculturally modified, low-order stream (Tributary 3)

Figure 2: Cross sectional area of the nested well sets showing the general geology of the site

1. Using an ANOVA analysis (α
= 0.05) to determine temporal
variations, I expect to see high
concentration of chloride in
both the DGSW and DB in
spring (planting season), both
DW and UGSW will have low
and consistent concentrations
of chloride across different
seasons, while ST will have its
highest concentration of
chloride in winter
2. Using a cumulative
probability plot in determining
the number of contributing
population of chloride in the
SBZ, will show at least two
inflection points. The first
population indicating
background concentration and
the second, anthropogenic
influence (likely agricultural
contribution possibly fertilizer)

Figure 3: Box and whisker plots showing concentration of chloride in
the different subgroups

Figure4: Cumulative probability plot showing two inflection points
indicating different populations of chloride in the study site
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